Age related differences in learning with the useful field of view  by Richards, Eric et al.
Vision Research 46 (2006) 4217–4231
www.elsevier.com/locate/visresAge related diVerences in learning with the useful Weld of view
Eric Richards ¤, Patrick J. Bennett, Allison B. Sekuler
Department of Psychology, Neuroscience, and Behaviour, McMaster University, 1280 Main Street West, Hamilton, Ont., Canada L8S 4K1
Received 25 January 2006; received in revised form 6 July 2006
Abstract
In naturalistic tasks, subjects often interact with a cluttered visual environment in which they need to divide their attention simulta-
neously among multiple objects and tasks. Previous work examining the eVects of aging in tasks that approximate these real world
demands have shown that performance often declines with age. For example, when subjects must perform central and peripheral visual
tasks simultaneously in a Useful Field of View (UFOV) task, performance on the peripheral task declines relative to when subjects per-
form the peripheral task alone, and this divided-attention deWcit grows decade-by-decade throughout our lifetimes [e.g., Sekuler, A.B.,
Bennett, P.J., and Mamelak, M. (2000). EVects of Aging on the Useful Field of View. Experimental Aging Research, 26, 103–120]. Here, we
investigated the extent to which age-related diVerences in divided-attention could be overcome with practice. In addition, we assessed how
divided attention costs varied when initial performance levels were equated across age groups at the start of practice. Experiment 1 deter-
mined the stimulus durations that approximately equated attentional costs for younger and older subjects. These stimulus durations were
used in Experiments 2 and 3 to equate task diYculty across age. Experiments 2 and 3 examined the eVect of practice for 1–2 weeks. Prac-
tice improved performance for both younger and older subjects, and, when older subjects were provided with enough practice, their atten-
tional costs were equivalent to those of younger subjects. Indeed, with enough practice, both younger and older subjects reached a point
where they showed no divided-attention deWcits, although older subjects may need more practice to reach this point. Finally, the beneW-
cial eVects of practice were maintained for at least three months.
© 2006 Elsevier Ltd. All rights reserved.
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Seniors often note that, as they age, it takes more time and
eVort to see the world around them. Indeed, it now is well
established that basic visual function, indexed by visual acuity
and contrast sensitivity, changes with age (see Ball, 2003 &
Sekuler & Sekuler, 2000, for recent reviews). However, stan-
dard clinical tests tend to underestimate age-related deWcits in
vision (Ball, 2003; Ball, Owsley, & Beard, 1990; Haegerstrom-
Portnoy, 2005; Haegerstrom-Portnoy, Schneck, & Brabyn,
1999), probably because these tests provide an over-simpliWed
view of the world: subjects are asked to detect or identify sim-
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ment. In naturalistic situations, subjects often encounter a
cluttered visual environment containing multiple objects, and
subjects regularly need to divide their attention simulta-
neously among multiple objects and multiple tasks. It is in the
context of such real-world challenges that seniors must iden-
tify and interact with objects, and so it is critical to examine
how aging aVects performance in paradigms that incorporate
aspects of the complexity found in naturalistic tasks. The cur-
rent series of experiments takes this approach by examining
age-related changes in a divided-attention paradigm in which
two visual tasks are performed simultaneously.
1.1. UFOV, aging, and practice
Our experiments measured the useful Weld of view
(UFOV), deWned as the region of the visual Weld from
4218 E. Richards et al. / Vision Research 46 (2006) 4217–4231which an observer can extract information at any one time.
In all experiments presented here, subjects performed two
tasks: central letter identiWcation and peripheral target
localization, under either focused- or divided-attention
conditions. In focused-attention conditions each task was
performed individually, whereas in divided-attention condi-
tions both tasks were performed concurrently. Standard
assessments of subjects’ UFOV have focused on perfor-
mance in the peripheral target localization task. When the
peripheral task is performed concurrently with an atten-
tion-demanding central task, such as central letter identiW-
cation, divided-attention costs have been shown to be
substantial for both younger (e.g., Ikeda & Takeuchi, 1975;
Leibowitz & Appelle, 1969; Williams, 1982) and older sub-
jects (e.g., Sekuler, Bennett, & Mamelak, 2000; Sekuler &
Ball, 1986). Older subjects also consistently have shown
larger deWcits in their UFOVs than younger subjects, as
indexed by peripheral task performance in divided-atten-
tion conditions (Ball, Beard, Roenker, Miller, & Griggs,
1988; Ball et al., 1990; Sekuler & Ball, 1986). For example,
Sekuler et al. (2000) examined subjects ranging from 15 to
84 years of age. Strikingly, attentional costs (divided-atten-
tion–focused-attention performance) in peripheral task
performance were evident early in adulthood (at 20 years of
age, or younger), and rose steadily with increasing age,
decade by decade.
Although several studies have examined how the UFOV
changes as a function of aging and practice, several limita-
tions characterize this work. First, many studies have failed
to assess focused-attention performance in each task. The
majority of previous studies that have examined how the
UFOV changes as a function of age (e.g., Seiple, Szlyk,
Yang, & Holopigian, 1996), and as a function of age and
practice (e.g., Ball et al., 1988) have measured performance
only under divided-attention conditions. Thus, the eVect of
aging on the costs associated with dividing attention, which
are calculated by comparing performance in focused- and
divided-attention conditions, could not be assessed. Second,
although previous research has shown that practice can
lead to a long-lasting reduction of attentional costs in a
UFOV paradigm (e.g., Ball et al., 2002; Sekuler & Ball,
1986), only one study (Ball et al., 1988) has provided a
direct comparison of practice eVects between younger and
older subjects, but this study failed to include focused-
attention peripheral task conditions. The current study was
undertaken to address these limitations of previous work.
The eVect of learning on performance in a divided-atten-
tion task may also depend on initial task diYculty.
Although previous research has shown that practice attenu-
ated divided-attention performance for all age groups,
older observer’s performance never decreased to the levels
found with young subjects (Ball et al., 1988). One reason
that practice may not have eliminated age-diVerences in
subjects’ performance in previous studies is that older sub-
jects’ initial peripheral task performance was always worse
than the performance of younger subjects—before practice
the task was more diYcult for older subjects than foryounger subjects (Ball et al., 1988; Sekuler & Ball, 1986).
The eVect of learning with a divided-attention task may
well depend on initial task diYculty. Thus, it remains
unclear whether practice has similar eVects on younger and
older subjects’ ability to divide attention when initial per-
formance levels are equated. Therefore, in the following
experiments we manipulated the duration of our stimulus
displays to equate performance across age groups on the
peripheral localization task in divided attention conditions
and, when possible, under focused-attention conditions as
well (see Somberg & Salthouse, 1982, for a similar strategy).
The stimulus durations that approximately equated periph-
eral performance between older and younger subjects were
estimated from time course functions collected in Experi-
ment 1. These stimulus durations then were used in Experi-
ments 2 and 3 to examine how practice aVected older and
younger performance in a UFOV paradigm. In addition,
the generalization from one set of practiced peripheral loca-
tions to another set of unpracticed peripheral locations was
assessed in Experiment 2, and the impact that more exten-
sive practice had on older and younger individual’s perfor-
mance was assessed in Experiment 3.
2. Experiment 1
The main goal of Experiment 1 was to determine the
stimulus durations that approximately equated peripheral
task performance between age groups, by measuring
peripheral task performance as a function of age group,
attention condition, and stimulus duration.
2.1. Method
2.1.1. Participants
Forty older and 56 younger subjects participated in
Experiment 1. All participants received a small stipend ($10/
h) for taking part in the study. All participants had normal or
corrected-to-normal snellen letter acuity (the young group
had a mean acuity of 20/20; and the older group had a mean
acuity of 20/25), and no known visual pathologies. The
majority of older (92.5%) and younger (89.3%) subjects
reported that their most recent eye exam had been within the
last three years; 47.5% older and 51.8% younger subjects
reported having an eye exam within the last year. All older
participants’ general mental health, assessed with the mini-
mental state examination (Folstein, Folstein, & McHugh,
1975), was within normal ranges (scores 727; Crum,
Anthony, Bassett, & Folstein, 1993). Table 1 shows basic
demographic information for all participants.
2.1.2. Design
A 2 (Age Group: old vs. young)£2 (Attention condition:
focused vs. divided)£2 (Task type: central vs. peripheral)£5
(Stimulus Duration: 35, 47, 71, 94, 106, 129, or 153 ms; young
subjects were tested with all seven durations, and old subjects
only with the Wve longest durations) mixed design was used
in Experiment 1. Age group and stimulus duration were
E. Richards et al. / Vision Research 46 (2006) 4217–4231 4219between-subjects variables, whereas attention condition and
task type were within-subjects variables.
2.1.3. Stimuli and apparatus
Stimulus presentation and response collection were con-
trolled and recorded by an Apple G4 computer. Visual
stimuli were presented on a Sony Trinitron monitor with a
frame rate of 85 Hz, and responses were recorded via a key-
board. Viewing was binocular from a distance of approxi-
mately 50 cm, and a chin and forehead rest was used to
stabilize viewing position.
As illustrated in Fig. 1A, central targets were single white
letters (0.8£1.0° of visual angle; luminanceD54.5 cd/m2) pre-
sented on a grey background (luminanceD29.5cd/m2). Cen-
tral targets were chosen randomly from a pool of four
characters (E, F, H, and L), and were presented at the center
of the screen followed by a visual mask consisting of a 6£6
checkerboard pattern that subtended approximately
1.2£1.2° of visual angle. Peripheral targets were single white
spots (diameterD1.0°; luminanceD54.5 cd/m2) presented in
the periphery on a grey background (luminanceD29.5cd/
m2). At the start of each trial, 20 white circular outlines were
presented (each slightly larger than the peripheral target:
diameterD1.2°; luminanceD54.5cd/m2), and then the target
spot appeared inside one of the circles (Fig. 1B). The circles
were placed at 4°, 8°, 12°, 16° and 20° in the periphery, along
four imaginary radial spokes. These four radial spokes were
arranged along the oblique axes and made up an X-like con-
Wguration. After the target was presented, checkerboard
masks (identical to those used for the central task) appeared
within all 20 circles. On focused-attention trials, the central
or peripheral stimuli were presented in isolation. On divided-
attention trials, both central and peripheral stimuli were
presented simultaneously (see Fig. 1C). Duration was heldconstant across all task types for a given observer, and stimu-
lus duration varied across subjects.
2.1.4. Procedure
All experimental sessions lasted approximately 1h and
each participant was tested in a dimly lit room. All partici-
pants completed one block of practice trials followed by
three blocks of experimental trials. The practice block con-
sisted of four central-task trials, four peripheral-task trials,
and four divided-attention trials, with stimuli presented for
800ms in each case. Conditions for each trial were randomly
sampled, without replacement from all possible experimental
conditions, for each task type. Experimental blocks consisted
of 80 focused-central trials in the Wrst block, 80 focused-
peripheral trials in the second block, and 80 divided-atten-
tion trials in the third block. The order of test blocks was
Wxed to minimize the eVects of practice on divided-attention,
and for consistency with previous studies (e.g., Sekuler et al.,
2000). Participants were instructed to maximize response
accuracy. On divided-attention trials subjects were instructed
to ensure that they got the central task correct Wrst, and then
do their best on the peripheral task. At the beginning of all
trials the word “Ready” appeared in the centre of the screen
until the participant pressed the space key to begin a trial.
In focused-attention central task trials (Fig. 1A), the
screen remained blank for 1000 ms and then the letter tar-
get was presented at the center of the screen for a set stimu-
lus duration. Immediately following the oVset of the central
target, a mask was presented for 1000 ms at Wxation. Then
all four possible central targets appeared in a row centered
on Wxation, and remained on the screen until the partici-
pant responded by pressing one of four labeled keys on a
keyboard. Auditory feedback was provided in the form of a
high (correct) or low (incorrect) tone.Table 1
Demographic information for participants in Experiments 1, 2 and 3
a Acuity measures have been converted from snellen to snellen decimal for averaging.
b Acuity measures for only 7 of 8 participants were recorded for the older participants in the 71 and 106 ms duration conditions.
Age group Stimulus duration (ms) No. of subjects Gender (F/M) Mean age (SD) Near acuitya (SD) Far acuitya (SD) Mini-mental (SD)
Experiment 1
Young 35 9 5/4 22.8(3.2) 0.98(.21) 0.99(.32) n/a
Young 47 7 6/1 21.4(3.2) 1.11(.24) 1.16(.35) n/a
Young 71 8 6/2 23.3(5.3) 1.03(.15) 1.11(.28) n/a
Young 94 8 5/3 22.0(2.9) 1.04(.27) 1.15(.12) n/a
Young 106 8 3/5 20.9(1.9) 1.00(.20) 0.98(.25) n/a
Young 129 8 4/4 20.3(1.7) 1.12(.13) 0.97(.21) n/a
Young 153 8 6/2 19.9(1.0) 1.05(.17) 1.09(.26) n/a
Old 71 8 4/4 71.1(5.5) 0.88(.24)b 0.96(.34)b 29.3(0.89)
Old 94 9 3/6 73.6(4.6) 0.82(.27) 0.83(.30) 29.2(1.09)
Old 106 8 4/4 71.1(5.3) 0.69(.18)b 0.80(.16)b 29.3(0.89)
Old 129 8 3/5 67.5(7.9) 0.80(.22) 0.86(.23) 29.4(0.74)
Old 153 7 5/2 72.1(7.5) 0.76(.15) 0.88(.17) 29.1(0.69)
Experiment 2
Young 47 8 6/2 23.0(3.3) 1.10(.20) 1.19(.37) n/a
Old 94 8 4/4 64.3(4.8) 0.87(.33) 0.97(.24) 29.3(0.89)
Experiment 3
Young 47 8 5/3 22.3(2.7) 1.21(.31) 1.23(.37) n/a
Old 94 6 2/4 64.0(2.1) 0.76(.18) 0.91(.24) 29.5(0.89)
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placeholders for all possible peripheral locations were pre-
sented and remained in view for the duration of a trial.
After 1000 ms, the peripheral target was presented for a
Wxed duration, and then masked for 1000 ms by masks pre-
sented at every possible peripheral location. Placeholders
for all possible peripheral locations were then presented
with each radial spoke labeled “1”, “2”, “3” or “4”. The
entire display remained in view until participants
responded by pressing the appropriately labeled key (e.g.,
labeled ‘1’ if the peripheral target occurred anywhere in
spoke 1). No feedback was provided for this task. The
twenty possible peripheral locations were sampled ran-
domly without replacement on every trial. After the pool of
locations was exhausted, all locations were replaced and
sampling continued in the same manner.
On divided-attention task trials (Fig. 1C), placeholders for
all possible peripheral locations were presented and remained
in view for the duration of a trial. Following a 1000ms inter-val, both central and peripheral targets were presented simul-
taneously for the same set duration. Masks were then
presented for 1000 ms at Wxation and at every peripheral
location. Participants then responded to the response screen
for the central task, and then to the response screen for the
peripheral task. Auditory feedback was provided only for
central task performance. Crossing each of the four possible
letters with each of the twenty possible peripheral locations
created 80 central-peripheral target combinations for
divided-attention trials. These conditions were sampled ran-
domly without replacement on every trial.
2.2. Results and discussion
2.2.1. Data analysis
The dependent variable used for all analyses was the pro-
portion of errors for each task; errors were transformed by the
inverse of the sine of their square root (Zar, 1974) to normalize
the variance and to make the analyses comparable to thoseFig. 1. Schematic illustration of focused-attention central task trials (A), focused-attention peripheral task trials (B), and divided-attention trials (C) used
in Experiments 1, 2 and 3.
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2000). Fig. 2A and B show central and peripheral performance,
respectively, as a function of age group, attention condition,
and stimulus duration. Given the arcsine transformation,
chance performance (25% correct) in each task corresponded
to 1.05. Because older subjects performed at chance in the
peripheral task when stimulus duration was 71ms, these sub-
jects were not tested at the two shortest durations (35 and
47ms). Consequently, all analyses contrasting younger and
older subjects includes all data from stimulus duration condi-
tions of 71ms and longer. Corresponding diVerence scores or
attentional costs (i.e., divided-attention errors minus focused-
attention errors) are shown in Fig. 2C and D. A diVerence
score of zero (dashed line) indicates that there was no eVect of
dividing attention on performance. Positive scores indicate
that performance was worse in divided than focused attention
conditions, and vice versa for negative scores.
2.2.2. Peripheral-task performance
Fig. 2B and D show that divided-attention negatively
aVected peripheral task performance in both older andyounger subjects. As stimulus duration increased, atten-
tional costs diminished for younger, but not older, subjects.
To assess how increasing stimulus duration aVected periph-
eral task performance, transformed error rates were sub-
mitted to a 2 (attention condition) £ 5 (stimulus
duration) £ 2 (age group) ANOVA. SigniWcant main eVects
of Age Group (F(1, 70) D 126.37, MSE D .07, p < .001) and
Stimulus Duration (F(4, 70) D 5.52, MSE D .07, p < .001)
were found, indicating that more localization errors were
made by older than younger subjects, and error rates
decreased with increasing stimulus durations.
A signiWcant main eVect of Attention Condition
(F(1,70)D 84.29, MSE D .02, p < .001) and an interaction
between Attention Condition and Age Group also were
found (F(1, 70) D 17.08, MSE D .02, p < .001). More errors
were made in divided- than focused-attention conditions,
and this eVect of attention was larger for older subjects
(F(1,35)D 70.59, MSE D .02, p < .001) than younger subjects
(F(1,35)D 17.08, MSE D .01, p < .001). A separate ANOVA
performed on diVerence scores (see Fig. 2D) was consistent
with this Wnding: a signiWcant Age eVect was revealedFig. 2. Experiment 1 error rates (left column) and corresponding attentional costs (right column) are shown as a function of stimulus duration and age
group. Experiment 1 error rates (arcsine of the square root of the proportion of errors) in the central letter identiWcation task (A) and peripheral target
localization task (B) are shown as a function of attention condition, stimulus duration, and age group. Focused- and divided-attention conditions are
shown by circle and square symbols, respectively, while younger and older participants are shown by open and Wlled symbols, respectively. Attentional
costs for central (C) and peripheral (D) tasks are shown as a function of stimulus duration and age group. Attentional costs were calculated by subtracting
the transformed errors rates in the focused-attention condition from the transformed error rates in the divided-attention condition. DiVerence scores of
zero (dashed line) indicate no eVect of dividing attention on performance. Positive scores indicate worse performance in divided than focused attention
conditions, and vice versa for negative scores. Error bars indicate §1 standard error of the mean.
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tional costs were larger for older than younger subjects.
A three-way interaction between Attention Condition,
Stimulus Duration, and Age Group (F(4, 70)D 5.40,
MSE D .02, p < .001) also was found. As can be clearly
observed in Fig. 2D, the costs of dividing attention were
attenuated with increasing stimulus duration for younger
subjects (F(4,35) D 4.66, MSE D .01, p < .005), but the costs
of dividing attention persisted with increasing stimulus
duration for older subjects (F(4, 35) < 1.8, p > .16).
These results indicate that there were signiWcant atten-
tional costs in peripheral task performance for both youn-
ger and older subjects, and that attentional costs were
larger for older and the younger subjects, replicating previ-
ous work (e.g., Ball et al., 1988; Seiple et al., 1996; Sekuler
et al., 2000). The time course functions of these attentional
costs also demonstrate that the costs persist across a wide
range of stimulus durations for older subjects, and that the
eVect of stimulus duration on attentional costs diVers
across age groups, suggesting that age-related diVerences in
performance cannot be accounted for by a simple “general-
ized slowing” hypothesis (cf., Salthouse, 1985, 1996).
2.2.3. Equating peripheral-task performance between age 
groups
As can be seen in Fig. 2B, error rates measured for older
subjects with a stimulus duration of 94 ms were comparable
to error rates measured for young subjects with a stimulus
duration of 47 ms. Performance levels were also roughly
equated across groups in the central task at these durations,
as were costs of dividing attention in both the peripheral
and central tasks (peripheral costs: 0.21 and 0.29, for older
and younger subjects, respectively; central costs: 0.03 and
0.05, for older and younger subjects, respectively). Conse-
quently, these stimulus durations were used to approxi-
mately equate starting performance across age groups in
the following practice experiments.
2.2.4. Central-task performance
Central task performance was near ceiling for both age
groups across the Wve longest stimulus durations tested (see
Fig. 2A). Only at the two shortest stimulus durations tested
were error rates in younger subjects elevated substantially.
To assess how increasing stimulus duration aVected central
task performance a 2 (attention condition) £ 5 (stimulus
duration) £ 2 (age group) analysis of variance (ANOVA)
was conducted. There was a main eVect of Attention Con-
dition (F(1,70) D 26.30, MSE D .01, p < .001): More identiW-
cation errors were made in divided- than in focused-
attention conditions. A signiWcant Age Group eVect also
was obtained (F(1,70) D 63.54, MSE D .02, p < .001): older
subjects made more identiWcation errors than younger sub-
jects, a Wnding which replicates previous results (Ball et al.,
1988; Ball et al., 1990; Seiple et al., 1996; Sekuler et al.,
2000). Finally, the interaction between Attention Condition
and Age Group (F(1,70) D 5.07, MSE D .01, p < .05) was
also signiWcant. This interaction reXects the fact that theeVect of dividing attention was larger in older than younger
subjects.
3. Experiment 2
Experiment 2 examined the eVects of practice on the per-
formance of younger and older subjects in a UFOV task.
Initial levels of performance were approximately equated
across age groups by using stimulus durations that were
found in Experiment 1 to yield similar error rates in youn-
ger and older subjects. Younger and older subjects were
given four days of practice with a UFOV task, preceded by
pre-practice assessment of their central and peripheral task
performance. Following four days of practice sessions,
post-practice performance was assessed to determine the
degree to which practice attenuated initial costs associated
with dividing attention. When possible, performance on
these tasks was also assessed with one, two and three month
follow-up sessions.
A secondary goal of this experiment was to examine gen-
eralization of practice eVects from trained peripheral loca-
tions to untrained peripheral locations. Although some
research has shown that practice on perceptual tasks does
not completely transfer from trained to untrained locations
(Ball & Sekuler, 1987; Crist, Kapadia, Westheimer, & Gil-
bert, 1997; Schoups, Vogels, & Orban, 1995), other research
has found that practice is not always speciWc to trained
visual locations (Chung, Legge, & Cheung, 2004; Sireteanu
& Rettenbach, 2000). To our knowledge no research has
examined whether there are any age-related diVerences in
this type of transfer of learning.
3.1. Method
3.1.1. Participants
Eight older and eight younger subjects participated in
Experiment 2. All participants received a small stipend
($10/h) for taking part in the study, had normal or cor-
rected-to-normal letter acuity (i.e., the young group had a
mean acuity of 20/16 and the older group had a mean acu-
ity of 20/20), no known visual pathologies, and had not par-
ticipated in the previous experiment. The majority of older
(87.5%) and younger (100.0%) subjects reported that their
most recent eye exam had been within the last three years;
62.5% older and 37.5% younger subjects reported having an
eye exam within the last year. All older participants’ general
mental health was within normal ranges (i.e., mini-mental
state exam scores 727; Crum et al., 1993; Folstein et al.,
1975). Table 1 shows basic demographic information for all
participants.
3.1.2. Design
A 2 (age group: old vs. young) £ 2 (attention condition:
focused vs. divided) £ 2 (task type: central vs. peripheral)
mixed design was used in Experiment 2. Age group was a
between-subjects variable, while attention condition and
task type were within-subjects variables.
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The same stimuli and testing apparatus were used as in
Experiment 1, with the following exceptions. Stimulus
durations were 94 and 47 ms (i.e., 8 and 4 video frames,
respectively) for older and younger participants, respec-
tively, and were held constant throughout the experiment.
In addition, peripheral targets were presented at one of 16
possible locations, rather than 20 as in Experiment 1. In
Experiment 2, the peripheral array contained only the Wrst
four locations at eccentricities of approximately 4°, 8°, 12°
and 16° so that the entire display could be seen in both an
X-conWguration and a Plus-conWguration. The X-conWgu-
ration was identical to that used in Experiment 1, whereas
the Plus-conWguration was composed of four radial spokes
arranged along the cardinal axes (i.e., the X-conWguration
was rotated 45°).
3.1.4. Procedure
The same general procedure was followed as in Experi-
ment 1, with the following diVerences. Initial pre-practice
performance was assessed for both X- and Plus-conWgura-
tions in a session on the Wrst day of testing, followed by four
days of practice sessions with the X-conWguration. Post-
practice performance was assessed on day six, and with fol-
low-up sessions at one, two, and three months. Each session
consisted of one block of practice trials, and six blocks of
experimental trials. The practice block consisted of four tri-
als of each task type, constructed and sampled in the same
manner as in Experiment 1 (with a stimulus duration of
800 ms). Each experimental block consisted of 64 trials.
For practice sessions, the Wrst experimental block
consisted of central-task trials, the second consisted of
peripheral-task trials, and the third block consisted of
divided-attention trials; the same order of conditions was
used in blocks 3–6. Peripheral displays always were pre-
sented in the X-conWguration during practice sessions. For
pre-practice, post-practice, and follow-up sessions, the con-
Wguration of the peripheral stimulus was counterbalanced,
such that half of the participants in each age group viewed
the X-conWguration in the Wrst three experimental blocks,
and the Plus-conWguration in the next three experimental
blocks. The other participants were tested on the two con-
Wgurations in the reverse order.
3.2. Results and discussion
The results are shown in Fig. 3. Because of observer
attrition, younger subjects did not complete follow-up ses-
sions, and only six older subjects completed the three-
month follow-up session.
3.2.1. Peripheral-task performance
The results from the Peripheral task are shown in the
Fig. 3C and D. Before practice, attentional costs were con-
siderable in both age groups. After practice, attentional
costs were nil in younger subjects but remained substantial
in older subjects.Pre-practice peripheral task performance (X-conWgura-
tion) was assessed in a 2 (attention condition) £ 2 (age
group) ANOVA. A main eVect of Attention Condition
was revealed (F(1, 14) D 26.45, MSE D .02, p < .001), indi-
cating that subjects made more errors in divided-attention
conditions than in focused-attention conditions. No other
eVects reached signiWcance. Most importantly, the main
eVect of Age Group did not reach signiWcance
(F(1, 14) < 1) in our assessment of pre-practice perfor-
mance, nor did age group interact signiWcantly with our
attentional manipulation (F(1, 14) < 2.11, p > .16). This
result indicates that our choice of stimulus durations
approximately equated initial peripheral task diYculty
between age groups. To assess the eVects of practice,
errors from the pre-practice session (X-conWguration
only), the four practice sessions, and post-practice session
(X-conWguration only) were analyzed in a 2 (attention
condition) £ 2 (age group) £ 6 (testing session) ANOVA.
We found signiWcant main eVects of Attention Condition
(F(1, 14) D 26.95, MSE D .05, p < .001) and Testing Session
(F(5, 70) D 24.70, MSE D .02, p < .001), indicating that sub-
jects made fewer localization errors in focused- than
divided-attention conditions, and that error rates declined
with practice. A signiWcant interaction between Attention
Condition and Age Group (F(1, 14) D 8.85, MSE D .05,
p < .05) indicated that throughout practice (i.e., averaged
across all practice sessions), older subjects had larger costs
(F(1, 7) D 23.12, MSE D .07, p < .005) of dividing attention
than younger subjects (F(1, 7) D 4.40, MSE D .03, p < .08).
This result replicates the results of Experiment 1 and pre-
vious studies (Seiple et al., 1996; Sekuler et al., 2000) that
found older subjects had larger attentional costs than
younger subjects in peripheral task performance. A sig-
niWcant interaction between Attention Condition and
Testing Session (F(5, 70) D 2.65, MSE D .01, p < .05) indi-
cates that the costs of dividing attention were attenuated
with practice for both age groups. No other eVects
reached signiWcance. These results are consistent with pre-
vious studies showing improved performance on periphe-
ral localization in divided-attention conditions (Ball et al.,
1988; Sekuler & Ball, 1986). However, those previous
studies did not include a focused attention condition, and
therefore the current results and extend those earlier
reports by demonstrating that the costs of dividing atten-
tion are diminished with practice for both older and youn-
ger subjects.
Peripheral task performance diVerences between
focused- and divided-attention conditions, for older sub-
jects, were maintained at 1, 2 and 3 month follow-up ses-
sions (X-conWguration). Ball et al. (1988) also found that
practice beneWts, associated with peripheral task perfor-
mance, were maintained for up to 6 months after initial
practice. Our results replicate this general maintenance of
practice eVects for extended periods of time after initial
practice.
Younger subjects reached zero attentional costs in the
peripheral task by the fourth day of practice, but older
4224 E. Richards et al. / Vision Research 46 (2006) 4217–4231subjects never reached zero costs (Fig. 3D). The previous
ANOVA failed to Wnd a signiWcant Attention
Condition £ Session £ Age Group interaction, suggest-
ing that both younger and older subjects exhibited simi-
lar rates of learning. One might conclude, therefore, that
the diVerence in attentional costs on Day 4 reXects the
fact that the costs in the peripheral task were initially
slightly higher in older subjects, despite our attempts to
equate them in two age groups. However, recall that we
found no age-related eVects in the pre-practice session.
Given the competing interpretations, we re-analyzed
attentional costs on Day 4 with a linear model that
included Age Group and attentional cost in the pre-prac-
tice peripheral task (X-conWguration) as predictor vari-
ables. The eVect of Age Group was signiWcant
(F(1, 13) D 8.11, MSE D .03, p D .013). In other words,
attentional costs in the peripheral task on Day 4 were
higher in older subjects even after statistically controlling
for diVerences in initial costs. Experiment 3 was under-
taken to see if increased amounts of practice would allow
older subjects to reduce attentional costs to the same
degree as younger subjects.3.2.2. Peripheral task: transfer of learning to other 
peripheral locations?
Peripheral task results from the two pre-practice and
post-practice sessions (X-conWguration and Plus-conWgura-
tion) were submitted to a 2 (attention condition) £ 2 (stim-
ulus conWguration) £ 2 (testing session) £ 2 (age group)
ANOVA. Neither the main eVect of Stimulus ConWgura-
tion, nor its interaction with any other eVects, was signiW-
cant (all Fs < 1). Although some prior research has either
shown very little transfer across retinal position (Ball &
Sekuler, 1987, Experiment 6), or lack of transfer of practice
from one visual location to another (Schoups et al., 1995),
our results indicate that there was complete transfer of
learning to novel, untrained locations, replicating previous
work with other visual search tasks (e.g., Sireteanu &
Rettenbach, 2000), and showing that, in this sort of task,
transfer of learning to novel locations is as strong for older
subjects as for younger subjects.
3.2.3. Central-task performance
Results from the central task are shown in Fig. 3A
and B. Pre-practice central task performance with the X-con-Fig. 3. Experiment 2 error rates (arcsine of the square root of the proportion of errors) in the central (A) and peripheral (C) tasks are shown as a function
of attention condition, testing session, and age group. Focused- and divided-attention conditions are indicated by circle and square symbols, respectively.
Younger and older participants are shown by open and Wlled symbols, respectively. Attentional costs for central (B) and peripheral (D) tasks are shown as
a function of testing session and age group. Error bars indicate §1 standard error of the mean.
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group) ANOVA. Only the Attention Condition £ Age
Group interaction was signiWcant (F(1, 14)D 22.70,
MSE D .01, p < .001), reXecting the fact that while younger
subjects made more identiWcation errors in the focused-
attention than divided-attention conditions (t D 2.69,
p < .05), older subjects had the opposite tendency (t D 3.98,
p < .01). No other eVects reached signiWcance (Fs < 1.45,
p > .24). These results indicate that our choice of stimulus
durations did not completely equate central task perfor-
mance across age groups.
To assess the eVects of practice, errors from the pre-prac-
tice session (X-conWguration only), the four practice ses-
sions, and post-practice session (X-conWguration only)
were analyzed in a 2 (attention condition) £ 2 (age
group) £ 6 (testing session) ANOVA. The main eVect of
Testing Session was signiWcant (F(5, 70) D 13.29, MSE D .00,
p < .001), indicating that errors declined with practice. The
main eVect of Attention Condition was also signiWcant
(F(1, 14)D 18.57, MSE D .01, p < .005), as was the Attention
Condition £ Age Group interaction (F(1, 14)D 25.96,
MSE D .01, p < .001). Separate one-way ANOVAs sug-
gested that the interaction reXected the fact that older sub-
jects made more errors in divided-attention conditions than
in focused-attention conditions (F(1, 70)D 32.82, MSE D
.01, p < .005), whereas the performance of younger subjects
did not signiWcantly diVer across attention conditions
(F<1). A signiWcant three-way Attention Condition £ Testing
Session £ Age Group interaction (F(5, 70) D 2.46, MSE D
.004, p < .05) indicated that the primary eVect of practice
was to lower errors made by older subjects in the divided-
attention condition, and therefore that the age diVerence in
attentional cost was larger at the beginning of practice than
at the end (Fig. 3B). No other eVects reached signiWcance.
Post-practice performance (X-conWguration) was assessed
in a 2 (attention condition)£2 (age group) ANOVA. The
main eVect of Attention Condition was signiWcant
(F(1,14)D9.48, MSED .01, p <.01), as was the Attention
Condition£Age Group interaction (F(1,14)D9.16, MSED
.01, p < .01). No other eVects reached signiWcance. The results
of the ANOVA indicate that slight, but signiWcant, atten-
tional costs existed in older, but not younger, subjects even
after four days of practice. This diVerence between focused-
and divided-attention conditions in older subjects was
maintained at 1, 2 and 3 month follow-up sessions.
4. Experiment 3
The main goal of Experiment 3 was to replicate the gen-
eral eVects of Experiment 2, and determine whether older
subjects would beneWt by increasing practice from four to
nine experimental sessions. In addition, the UFOV para-
digm used in Experiment 3 was altered so that the order of
testing of conditions was randomized. In Experiment 2,
subjects completed blocks of trials in the following order:
focused central task trials, focused peripheral task trials,
and then divided-attention trials. It may be that older sub-jects in Experiment 2 were more fatigued than younger sub-
jects at the end of a testing session, which may have
contributed to age diVerences in attentional costs. Random-
izing the order, as was done in Experiment 3, should reduce
such eVects.
4.1. Method
4.1.1. Participants
Six older and eight younger subjects participated in
Experiment 3. They were remunerated for their participa-
tion ($10/h), and had not participated in previous experi-
ments. All subjects had no known visual pathologies, and
normal or corrected-to-normal letter acuity (i.e., the young
group had a mean acuity of 20/16 and the older group had
a mean acuity of 20/25). The majority of older (100%) and
younger (75%) subjects reported that their most recent eye
exam had been within the last three years; 83.3% older and
37.5% younger subjects reported having an eye exam within
the last year. All Older subjects’ mini-mental state scores
(Folstein et al., 1975) were within normal ranges (scores 7
27; Crum et al., 1993). Demographic information is pre-
sented in Table 1.
4.1.2. Design
A 2 (age group: old vs. young) £ 2 (attentional condi-
tion: focused vs. divided) £ 2 (task type: central vs.
peripheral) mixed design was used in Experiment 3.
Attentional condition and task type were within-subjects
variables, while age group was a between-subjects
variable.
4.1.3. Stimuli and apparatus
The same stimuli and testing apparatus used in Experi-
ment 2 was used in Experiment 3, with the following excep-
tions. Peripheral targets were presented at one of 20
locations, as in Experiment 1 (i.e., the X-conWguration).
Stimulus durations were identical to those in Experiment 2:
stimulus durations of approximately 94 ms (older subjects)
and 47 ms (younger subjects) were used.
4.1.4. Procedure
The same general procedure used in Experiment 2 was
used in Experiment 3, with the following exceptions. Each
subject was assessed in nine testing sessions. Participants
were presented with Wve blocks of trials in each experi-
mental session, where each block lasted approximately
6 min, and consisted of randomly intermixed trials of each
task type. The Wrst 30 s of a block consisted of central-task
trials, the next 30 s of peripheral-task trials, and the next
30 s of divided-attention trials. Every 30 s thereafter, one
of the three task-types was chosen randomly and pre-
sented to participants. Thus, every block of trials con-
sisted of a variable number of trials as every participant
was instructed to maximize their accuracy when respond-
ing, and each participant completed a variable number of
trials every 30 s within a block.
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space bar on the keyboard. Following a 300 ms blank inter-
val, trials were presented in the same manner as in Experi-
ments 1 and 2. Each subsequent trial automatically began
immediately after a response was made to the previous trial.
Each trial began with presentation of a Wxation point, in the
form of a plus sign (+) or minus sign (¡), at the centre of
the screen for 250 ms. On focused central-task and divided-
attention trials the Wxation point was used to present feed-
back about participants’ central task performance: A plus
sign indicated the response was correct and a minus sign
indicated the response was incorrect. On focused periphe-
ral-task trials no feedback was provided and a plus sign was
presented at Wxation.
4.2. Results and discussion
The results are shown in Fig. 4. Because of observer
attrition, follow-up sessions were completed for only Wve,
four and two younger subjects at 1, 2, and 3 month follow-
up sessions, respectively. Six, four, and four older subjectscompleted follow-up sessions at 1, 2, and 3 month follow-
up sessions, respectively.
4.2.1. Peripheral-task performance
The results from the Peripheral task are shown in the
bottom panel of Fig. 4. Attentional costs were evident in at
the start of the experiment, but diminished with practice
(Fig. 4C).
Performance on Day-1 was assessed in a 2 (attention
condition) £ 2 (age group) ANOVA. A main eVect of
Attention Condition was revealed (F(1,12) D 28.23,
MSE D .01, p < .001), indicating that more localization
errors were made in divided-attention conditions than in
focused-attention conditions. However, neither the main
eVect of Age Group nor the interaction between Age
Group and Attention Condition were signiWcant (Fs < 1).
Therefore, as in Experiment 2, our method of equating pre-
practice levels of peripheral task performance across age
groups was successful.
To assess the eVects of practice, errors from practice ses-
sions 1–9 were assessed in a 2 (Attention Condition) £ 9Fig. 4. Experiment 3 error rates (arcsine of the square root of the proportion of errors) in the central (A) and peripheral (C) tasks are shown as a function
of attention condition, practice session, and age group. Focused- and divided-attention conditions are indicated by circle and square symbols, respectively.
Younger and older participants are shown by open and Wlled symbols, respectively. The attentional costs for central (B) and peripheral (D) tasks are
shown as a function of testing session and age group. Error bars indicate §1 standard error of the mean.
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main eVect of Attention Condition was found
(F(1, 12)D 33.44, MSE D .02, p < .001): More localization
errors were made in divided-attention conditions than in
focused-attention conditions. A signiWcant Testing Session
eVect was also found (F(8, 96) D 20.87, MSE D .02, p < .001),
indicating improved peripheral task performance with
practice. Finally, the Attention Condition £ Testing Session
interaction was signiWcant (F(8,96)D 8.04, MSE D .01,
p < .001), indicating that the cost of dividing attention was
attenuated with practice for both age groups. No other
eVects reached signiWcance (Fs < 1.5). These results replicate
Experiment 2 and previous work (Ball et al., 1988; Sekuler
& Ball, 1986), and demonstrate that both older and youn-
ger subjects beneWt from practice.
As was found in Experiment 2, the Attention
Condition £ Testing Session  £ Age Group interaction was
not signiWcant (F(8,96) < 1.41, p > .20). Post-hoc tests that
focused on the interaction between Age Group and the lin-
ear and quadratic trends of Session also failed to reach sig-
niWcance (F(1, 12) < 1.5, p > .25). These results are consistent
with the notion that both younger and older subjects ben-
eWt from practice to the same degree. However, other
aspects of the data suggest that older subjects may have
improved more slowly with practice than did younger
subjects.
It can be seen clearly in Fig. 4D that attentional costs in
the peripheral were zero in younger subjects by day six of
practice, but did not reach zero in older subjects until day
eight. When we analyzed errors across only the Wrst six prac-
tice sessions, the linear trend of Session (F(1,68)D33.5,
p < .001) and the interaction between the linear trend and
Age Group (F(1,68)D7.3, p < .01) were signiWcant. This
result suggests errors may have declined more slowly across
the Wrst six days of practice in older subjects. However, both
age groups had similar, near-zero attentional costs at the
end of nine days of practice. Errors on day nine were
assessed in a 2 (attention condition)£ 2 (age group)
ANOVA. Only a signiWcant Age Group eVect was found
(F(1,12)D 5.61, MSE D .01, p < .05), but it was due to the fact
that older subjects made fewer localization errors than
younger subjects. The general pattern of peripheral task
performance was maintained for both age groups at 1, 2 and
3-month follow-up sessions, replicating Experiment 2 and
previous work by Ball and colleagues (e.g., Ball et al., 1988).
Overall, Experiment 3 found that both younger and
older subjects beneWted from practice, replicating the
results of Experiment 2 and previous studies (e.g., Ball et al.,
1988; Sekuler & Ball, 1986). Experiment 3 also demon-
strated that the results from Experiment 2, in which a Wxed
block order of conditions was used, generalize to a para-
digm in which a random block order of conditions was
used. Finally, Experiment 3 demonstrated that older sub-
jects can eliminate attentional costs in the peripheral task
given suYcient practice, but suggests that older subjects
may require more time to attain this level of performance
than do younger subjects.4.2.2. Central-task performance
Fig. 4A shows that relatively low central task error rates
were found for both age groups, and that practice attenuated
these error rates. Performance on Day-1 of practice was
assessed in a 2 (Attention Condition)£2 (Age Group)
ANOVA. A main eVect of Attention Condition was signiW-
cant (F(1,12)D12.01, MSED .01, p<.001), indicating that
errors were made in divided-attention conditions than in
focused-attention conditions. No other eVects reached signiW-
cance. Importantly, the main eVect of Age Group and the Age
Group£Attention Condition interaction were not signiWcant,
indicating that performance did not diVer across groups.
To assess the eVects of practice, errors from practice ses-
sions 1–9 were assessed in a 2 (Attention Condition)£2 (Age
Group)£9 (Session) ANOVA. A signiWcant main eVect of
Attention Condition (F(1,12)D7.23, MSED .03, p< .05) was
found, indicating that more identiWcation errors were made
in divided-attention conditions than in focused-attention
conditions. In addition, a signiWcant main eVect of Session
was found (F(8,96)D7.15, MSED .01, p <.001), indicating
that practice reduced overall central task error rates of older
and younger subjects. No other eVects reached signiWcance.
Central task performance on the last day of practice
(Day-9) was assessed in a 2 (attention condition) £ 2 (age
group) ANOVA. A signiWcant eVect of Attention Condi-
tion was found (F(1, 12) D 5.48, MSE D .04, p < .05). No
other eVects reached signiWcance. In general, levels of cen-
tral task performance were maintained at 1, 2 and 3 month
follow-up sessions.
5. General discussion
Previous studies examining the eVect of practice on age-
related diVerences in UFOV performance often have failed
to include both focused- and divided-attention conditions
(e.g., Ball et al., 1988) or both older and younger subjects
(e.g., Sekuler & Ball, 1986). The current experiments included
both attention conditions and both age groups, with initial
performance levels approximately equated, and therefore
allowed us to assess how attentional costs changed with prac-
tice and to compare these eVects across age groups. Experi-
ments 2 and 3 showed that practice improved peripheral task
performance, in both focused- and divided-attention condi-
tions, in both age groups. After nine days of practice (Experi-
ment 3), absolute levels of peripheral task performance and
the costs of dividing attention were equivalent in younger
and older subjects, although the rate of learning may have
been slower for older subjects. This pattern of results is con-
sistent with previous research (Ball et al., 1988; Sekuler &
Ball, 1986), but extends previous Wndings by demonstrating
that practice attenuates attentional costs equally for both
older and younger subjects.
5.1. Generalized slowing and other accounts of aging eVects
The results of Experiment 1 have implications for
a cognitive-slowing account (Salthouse, 1985, 1996) of
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tions of a model in which the performance of younger sub-
jects with stimulus duration d is the same as the
performance of older subjects with stimulus duration kd,
where k is some constant (generally greater than one). It
can be shown that such a model predicts that the time-
course functions for younger and older subjects illustrated
in Fig. 2 should have the same shape. More speciWcally,
shifting the function obtained from younger subjects by
log(k) along the log(stimulus duration) axis should super-
impose the functions obtained from the two age groups.
The fact that, in our experiment, the functions do not have
the same shape is inconsistent with this model. Similar
arguments can be made against a model in which the per-
formance of younger and older subjects is equated at stimu-
lus durations of d and k+d (k > 0), respectively. This model
predicts, incorrectly, that the time-course functions
obtained from both groups can be superimposed by shift-
ing the functions laterally along the linear (stimulus dura-
tion) axis. Therefore, the time-course functions measured in
Experiment 1 are inconsistent with the predictions of sim-
ple cognitive-slowing models. Whereas attentional costs
diminished with increasing stimulus duration for younger
subjects, older subjects’ costs persisted. These results sug-
gest that there are age-related diVerences in the quality or
eYciency of the processes associated with performing the
UFOV task that cannot be eliminated solely by changing
stimulus duration. Whether age diVerences in attentional
costs persist at even longer stimulus durations, without
practice, is an interesting question for further research.
If generalized slowing cannot account for the eVect of
aging, what might account for the age-related deWcit before
practice? Kramer and colleagues have proposed that age-
related declines in dual task performance may be the result
of a decreased eYciency in coordinating multiple processes,
tasks and skills (Kramer, Larish, & Strayer, 1995; Kramer,
Larish, Weber, & Bardell, 1999). Ability to divide and coor-
dinate processing resources or attention between concur-
rent tasks almost certainly is required for competent
performance in complex, naturalistic tasks such as driving.
It is possible that such decreased eYciency in coordinating
multiple processes in older persons is a negative conse-
quence of functional reorganization of the brain with aging.
McIntosh et al. (1999), Della-Maggiore et al. (2000), Ben-
nett, Sekuler, McIntosh, and Della-Maggiore (2001) found
evidence that the neural systems underlying visual process-
ing change as a function of age, perhaps to compensate for
decreasing eYcacy of the original processing system. For
example, whereas visual cortex plays a key role in the net-
work underlying basic visual discrimination and short-term
visual memory in younger subjects, that region plays a less
critical role in the network that exists in older brains.
Instead, in older brains, other areas seem to be recruited to
perform these basic visual tasks, areas including parts of
the hippocampus and prefrontal cortex, which, in younger
subjects, are associated with higher-order functions such as
memory and attention. If regions of the brain normallyused for allocating attentional resources are being used for
basic visual processing, then those regions might be less
available when subjects are presented with more challeng-
ing attentional situations, like that found in the divided
attention condition of the current experiment. Although
functional reorganization may help to protect performance
for simple tasks with limited processing demands, once the
stimuli and task become more complex, we may see the lim-
its of compensation. A key question for future research is
whether practice enables the older brain to use the same
neural system used by younger subjects once again, or
whether the restructured older neural system simply
becomes more eYcient.
5.2. Eccentricity eVects
Some previous studies examining age-related diVerences
in the UFOV have used eccentricity eVects as a primary
measure. When the results of the current experiments were
re-examined with eccentricity included as a within-subjects
factor, the following signiWcant trends were found in the
results of Experiments 2 and 3: (1) Subjects made more
localization errors with increasing eccentricity of the
peripheral target (i.e., there was a main eVect of Eccentric-
ity); (2) The Eccentricity eVect was larger in focused-atten-
tion conditions than in divided-attention conditions (i.e., an
Eccentricity £ Attention interaction); (3) The Eccentricity
eVect was larger for younger subjects than older subjects
(i.e., an Eccentricity £ Age Group interaction). Finally, the
eVect of Eccentricity was not aVected by practice. In other
words, in each age group and attention condition, practice
reduced errors about equally at all eccentricities. These
trends can be seen clearly in Fig. 5, which presents the
peripheral task results of Experiment 3 re-plotted as a func-
tion of attention condition, age group, stimulus duration
and eccentricity of the peripheral target.
Our Wnding of an eccentricity eVect in peripheral task
performance is in general agreement with previous litera-
ture (e.g., Ball et al., 1988; Ball, Owsley, Sloane, Roenker, &
Bruni, 1993; Seiple et al., 1996; Sekuler et al., 2000). With
regard to the Eccentricity £ Attention condition interac-
tion, Sekuler et al. (2000) also found consistent eccentricity
eVects only in focused-attention conditions, in general
agreement with our Wndings. In contrast, other research has
found that eccentricity eVects are generally larger in
divided-attention conditions than in focused-attention con-
ditions (e.g., Ball et al., 1988, 1993). DiVerences across stud-
ies may be due to the types of distractors utilized in the
current experiments, as previous research has shown that
salient diVerences between distractors and targets usually
yields smaller eccentricity eVects (cf., Scialfa & Kline, 1988;
Seiple et al., 1996; Sekuler et al., 2000).
5.3. Practice, transfer, and everyday tasks
It is well established now that deWcits in one’s UFOV
correlate well with performance of older individuals on
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1993; Ball et al., 2006; Owsley et al., 1998; Roenker, Cissell,
& Ball, 1997; Roenker, Cissell, Ball, Wadley, & Edwards,
2003), probably because driving requires dividing attention
across the visual Weld. For example, while stopped at an
intersection, a driver needs to attend simultaneously to cen-
trally located task relevant visual stimuli (e.g., a stoplight
and the car ahead), as well as any peripheral visual stimuli
that may appear (e.g., vehicles and pedestrians entering the
intersection). A reduced ability to divide attention between
central and peripheral targets may partly explain why older
drivers are more likely to be involved in an accident at
intersections than younger drivers (Hakamies-Blomqvist,
1994; Preusser, Williams, Ferguson, Ulmer, & Weinstein,
1998).
There also have been attempts to determine the extent to
which learning of UFOV tasks generalizes to other simple
perceptual and cognitive tasks. For example, Edwards,
Wadley, Myers, Roenker, Cissell, and Ball (2002) assessed
whether there was transfer of learning among UFOV tasks
and other simple perceptual and cognitive tasks. SpeciW-
cally, Edwards et al. (2002) examined how practice on a
speed-of-processing task, with older adults, transferred to
other measures that were similar and dissimilar to theUFOV task. It was found that speed-of-processing practice
resulted in improved UFOVs as well as improved perfor-
mance on the timed instrumental activities of daily living
performance, which are speeded laboratory tasks that
resemble everyday activities (e.g., Wnding a telephone num-
ber; Owsley, McGwin, Sloane, Stalvey, & Wells, 2001; Ows-
ley, Sloan, McGwin, & Ball, 2002). Although the Edwards
et al. results cannot be used to compare learning across
diVerent age groups, they do suggest that practice with very
simple tasks in the laboratory, which mimic certain aspects
of naturalistic viewing conditions, can help older individu-
als to minimize the eVects of age-related changes in vision
and visual attention on performance in everyday tasks.
Although there is some evidence of generalization from
these previous studies, questions still remain regarding the
extent to which the current results generalize to other
viewing conditions. The approach taken in the current
study was to equate initial levels of performance for older
and younger subjects, so that we could properly compare
learning across the two age groups. Therefore, Experi-
ments 2 and 3 provided older subjects with viewing times
that were approximately twice as long as those provided
to younger subjects. Under those conditions, initial per-
formance was statistically equated across the two ageFig. 5. The peripheral target localization error rate (arcsine of the square root of the proportion of errors) results for Experiment 3 are shown as a function
of attention condition, testing session, age group, and eccentricity of the peripheral target. Focused- and divided-attention conditions are shown in the Wrst
and second columns, respectively, while younger and older subjects are shown in the Wrst and second row, respectively. Error bars indicate §1 standard
error of the mean.
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although older subjects may have required more practice
sessions to reach maximal performance levels. Of course,
in the real world, older and younger people are not pro-
vided with diVerential amounts of time at stoplights, when
a pedestrian enters the street, or when a car suddenly
stops directly ahead. Therefore, it is important for future
research to determine whether the beneWts of practice
exhibited by older subjects will transfer to shorter dura-
tions. For example, it would be interesting to know
whether practice on the longer duration shifts the initial
temporal performance curves derived in Experiment 1.
Intuitively, it seems likely that practice on our task should
generalize to presentation durations that are slightly
shorter than the ones used during practice, but there may
be limits to such transfer that are imposed by anatomical
and physiological changes linked to aging that cannot be
inXuenced by practice. Additionally, the UFOV has been
conceptualized as measuring three inter-related aspects of
processing (1) speed of processing, (2) selective attention,
and (3) divided attention (e.g., Ball, Roenker, & Bruni,
1990), and practice on one type of task does not always
transfer to another (e.g., Ball et al., 2002), so the extent to
which the eVects of practice extend to shorter stimulus
durations remains an open question.
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